• As the French national forest inventory does not currently monitor the lying compartment of the forest deadwood, the figures obtained on this topic are therefore partial. This study provides cost estimates and guidelines for assessing stumps, and standing and lying deadwood.
INTRODUCTION
The French national forest inventory (NFI) is based on a systematic sampling grid that covers the national territory excluding overseas territories. Yearly, an average of 7 000 nonpermanent plots are inventoried, making it possible to publish national results every year. This new sampling was launched in 2005 to meet the new needs of inventory data users: it is more * Corresponding author: teissierducros@gmail.fr flexible and allows the calculation of forest indicators required in national and international programs such as the global forest resource assessment of the Food and Agriculture Organization (FAO) and the sustainable forest indicators of the Ministerial Conference on the Protection of Forests in Europe (MCPFE). Among these indicators, deadwood is assumed to be linked to forest biodiversity. However, so far, the French NFI has not measured deadwood on a standard basis.
Only standing dead trees subjectively assumed to have died within the last 5 years are measured to estimate mortality. This value therefore is biased and underestimates the real deadwood volume within a plot, and fails to account for all other components such as lying deadwood and stumps. As no standard European method has been accepted in this aspect, published results are not comparable from one country to another. Each country has its own definitions and methods. A Cost action E43 on the harmonization of national forest inventories in Europe proposed guidelines for deadwood indicators.
For the deadwood assessment, a preliminary study was conducted to choose between various methods, and in regards to lying deadwood, to evaluate the impact of the choice of the diameter thresholds on the final volume estimations. The resulting method will need to be compatible with the fieldwork that is already being carried out all over France. Field crews (2 to 3 people) inventory an average of two plots per day; the deadwood assessment should not be too time-consuming or make it impossible to inventory the two plots in one day. It will also need to be accurate on a national or inter-regional scale using one annual plot fraction. This generated a great number of constraints when building a protocol.
Aboveground deadwood, also called coarse woody debris, may include whole fallen trees, fallen branches, pieces of fragmented wood, stumps and standing dead trees (Woldendorp et al., 2004) . This study focuses on forest aboveground deadwood with floor coarse woody debris, referred to as CWD, snags for dead standing trees, and broken trees and stumps. There is little agreement in the literature for minimum diameters for CWD (Feller, 2003) . A distinction is commonly made between CWD and fine woody debris (FWD). There are no clearly defined criteria for separating these woody debris classes; this study considers CWD and FWD to be a whole group, called CWD for convenience, and examines the effect of the choice of a minimum diameter. As the Swiss NFI points out, the minimum diameter and other applied limits must be chosen with care (Böhl, 2007) . Cost action E43 advises European NFIs to evaluate deadwood indicators by the volume of standing and lying deadwood by region, by decay class and species or group of species, and the ratio of living volume. The main variables of interest in this paper for deadwood are, firstly, volume and secondly, but in less detail, biomass through decay classes.
Deadwood is an important component of forest ecosystems in that it provides habitats or micro-habitats, nutrients for saproxylic species, fertility for the soil, recycling of nutrients, trophic substrate, soil texturing and structuring, and temporary carbon stock (Stevens, 1997) . In Scandinavia, Stokland pointed out that about 25% of the total forest species are woodinhabiting species (Stokland et al., 2004) .
Forest deadwood is a recognized indicator of forest biodiversity as it helps describe the quality and status of habitats and structural diversity within a forest. Deadwood volume (indicator 4.5) is required by criterion 4 of the MCPFE protocol. In criterion 1, for the carbon stock indicator (indicator 1.4), deadwood biomass contributes in part to the aboveground carbon stock (MCPFE, 2003) .
A variety of methodologies are available, including lineintersect sampling (LIS) (Kaiser, 1983; Van Wagner, 1968; Warren and Olsen, 1964) , fixed-area sampling (FAS) (Harmon and Sexton, 1996) , transect relascope sampling (Ståhl, 1997) and point relascope sampling (Gove et al., 1999) . Lineintersect, transect relascope, and point relascope sampling are all probability-proportional-to-size sampling methods. FAS methods for CWD are based on the frequency of occurrence of individual pieces of CWD (Jordan et al., 2004) .
In this paper LIS is tested for CWD and FAS is tested for stumps, snags and CWD.
In practice, for FAS, a plot of known area is laid out in the forest and each piece that lies within (or partially within) the plot is tallied and parameters of interest are recorded. Estimates of per-unit area values can be obtained by multiplying any parameter by the reciprocal of the plot size (Jordan et al., 2004) .
LIS is performed by establishing a sample line in the forest and tallying or recording parameters of interest for each piece of CWD that intersects the sample line (Jordan et al., 2004) .
Woldendorp (Woldendorp et al., 2004) experimented with FAS in comparison with LIS. FAS on a 50 m × 50 m square plot has a lower coefficient of variation than an 80 m LIS. Inventorying an 80-m LIS or more is much more efficient than a 2 500 m 2 plot. FAS provides higher precision with lower efficiency than LIS. FAS is appropriate when there is little CWD (McKenzie et al., 2000) .
As the frequency of CWD generally increases with decreasing diameter size, some CWD methodologies determine the length of a transect (or length of a transect section) to be sampled by a diameter of woody debris, particularly when fine woody debris is included (Delisle et al., 1988; Woodall and Williams, 2005) . In these methods, transects are divided into sections, and measurements on these sections correspond to diameter size classes. This ensures that over-sampling does not occur for small wood pieces and that a sufficient number of the largest-sized pieces are sampled (Woldendorp et al., 2004) .
Using the results of COST action E43 questionnaires on European NFIs, for other European countries' NFIs, snags are usually inventoried using FAS where surface area depends on the snag DBH class (Belgium, Switzerland, Spain, Lithuania, Sweden and the United Kingdom). CWD is mainly inventoried using FAS, but LIS is used in Switzerland and Slovakia. Almost every country has its own thresholds such as minimum diameter, ranging from 4 cm in Sweden to 20 cm in Germany. Minimum diameter can be different depending on the type of deadwood. For example, Austria has 5 cm for snags and 20 cm for CWD.
For the two European countries using LIS, the Swiss NFI assesses one 30-m transect divided into three directions with a minimum diameter of 5 cm for CWD and the Slovakian NFI assesses two 25.4-m transects with a minimum diameter of 7 cm for CWD.
In the United States, CWD and FWD are assessed using LIS on "Y"s overlaid on 4 subplots. FWD (two classes: 0.64-2.51 cm and 2.52-7.59 cm) are tallied on shorter transects than CWD (≥ 7.60 cm), respectively, 7.32, 12.19 and 87.78 m (Woodall and Williams, 2005) . Figure 1 . Location of the 31 plots in three groups overlaid on the forest map of the Southwest of France. Group 1 had a majority of coppice or coppice with reserves; group 2 had a majority of pure high forest or mixed forest and group 3 had a majority of high forest and coppice.
The Canadian design inspired our testing protocol in numerous points. Snags are assessed on FAS with living trees. Two 30-m line transects, perpendicular to each other, are used to measure CWD (> 7.5 cm) and small woody debris (> 1.0 cm diameter ≤ 7.5 cm). The first 10 m of each transect from the center of the plot are dedicated to CWD, the last 5 m are for both coarse and small woody debris. FWD under 1 cm are collected, oven-dried and weighed from four 56-cm-radius microplots.
In the discussion section, when appropriate, details of the protocol tested in this article will be compared with existing inventories.
CWD serves as critical habitats for a variety of flora and fauna. Flora use the microclimate of moisture, shade and nutrients provided by CWD to establish regeneration (Harmon et al., 1986) .
CWD provides a wide range (stages, size classes and species) of habitats for fauna (Bull et al., 1997) . For ecological aspects, recording decay classes gives an overview of these habitats. Furthermore, decay classes are necessary to convert the deadwood of woody debris into carbon stock via biomass. The common approach for obtaining biomass estimates of wood density is to convert volume into mass by using an estimate of wood density for various decay classes. Density varies considerably between tree species and between logs in various stages of decay (Caza, 1993) . While numerous studies have been carried out in other countries, few data are available for French species. For the study, five decay classes were tested based on the description of sapwood and heartwood (Tab. I).
This paper discusses the results of a preliminary study that was intended to guide the French NFI in its choice of a method 
MATERIALS AND METHODS

Study area
A deadwood protocol for a NFI has to be applicable to all forest types that can be found in France, from high forest to coppice. The 31 plots assessed for the experiment were stratified as much as possible between the main French forest structures and compositions, respectively, divided into three classes: high forest, coppice with reserves and coppice for the structure, and broadleaved, coniferous and mixed for the composition. Plots were assessed in southwest France ( Fig. 1) , where a storm damaged the forest in 1999. The 31 plots can be divided into three groups. In group 1, there was a majority of coppice or coppice with reserves, coppice mainly constituted 
Protocol
Our sampling protocol compares FAS and LIS for the lying deadwood. It is designed to enable resampling of data in order to multiply the sampling configuration with various transect lengths or different thresholds in minimum diameters of the CDW.
The protocol is based on NFI dendrometric plots: three concentric circles with radii of 6 m, 9 m and 15 m, respectively. The 9-m-radius plot is used for FAS (stumps and lying deadwood). Snags are measured on the 6-, 9-and 15-m-radius dendrometric plots using NFI diameter classes for small, medium and large wood. For LIS of CWD, based on the 100 m recommended by the Good Practice Guidance for Land Use, Land-Use Change and Forestry (IPCC, 2003) , two perpendicular 50-m lines intersected in the middle are overlaid on the plot. Each half-line is divided into four sections of 6 m, 3 m, 6 m and 10 m where the NFI concentric circles intersect them. The transect of each plot contain 16 sections having a defined length (Fig. 2) . The frame is oriented randomly to avoid orientation bias when estimating CWD.
Stand on each plot is described using NFI forest types. Cover by structure and the level of windthrow damage is recorded. Tree species, when possible, or species groups (broadleaved or coniferous) and decay classes are assigned to every assessed deadwood piece. Each step of the measurement is timed: for FAS this includes the total operation by component and for LIS the installation of the transect and the measurement of the diameter by section.
FAS is used to assess stumps, snags and CWD. Stump assessment is carried out in the 9-m-radius plot. Mid-diameter and stump heights from the ground are recorded. Volume is calculated using formula (1). Snags are trees having an angle with the horizontal greater than 45
• (Wadell, 2002; Woodall and Williams, 2005) ; if smaller, snags are considered as CWD. They are assessed in the NFI dendrometric 6-, 9-and 15-m-radius plots, from a diameter of 7.5 to 22.5 cm excluded in the 6-m plot, from 22.5 to 37.5 cm excluded in the 9-m plot and more than 37.5 cm in the 15-m plot. Only DBH is recorded for whole standing trees. Volume is calculated using formula (2). For broken Test protocol for FAS and LIS with a 100-m transect overlaid on NFI dendrometric plots. Snags are assessed on the 6-, 9-and 15-m-radius NFI plots, Lying deadwood is assessed for fixed area sampling on the 9-m-radius plot and for LIS on the four 25-m transects. On the center 6-m transect sections CWD is tallied from 0 cm; on the 3-, 6-and 10-m sections CWD is tallied from 4.5 cm.
snags, in addition to DBH, the broken height is recorded and the volume is calculated using formula (3).
CWD is assessed on the 9-m-radius plot. If a piece crosses the limit of the circle, it is virtually cut there (Bruciamacchie, 2005) and only the volume within the circle is tallied. Length and mid-diameter are recorded for a minimum end diameter of 7 cm. Volume is calculated using formula (4).
LIS is performed on two perpendicular 50-m lines (slopecorrected, horizontal length). Diameters of all CWD pieces are recorded at the point of intersection with the transect. If a piece is forked or intersects the transect many times, the diameter is recorded at each intersection. On the four central 6-m sections, the minimum diameter is 0.5 cm, and for the rest it is 4.5 cm. This is a way of comparing CWD volume with various minimum diameters and avoiding over-sampling on small diameters.
Volume calculation
Depending on the deadwood component, there are many ways of estimating volume.
A study (Filho et al., 2000) on various ways of calculating log volume showed that Huber's formula (1) is more accurate for all volumes and log lengths considered. This formula is widely used by inventories for snags and CWD. It is used in this study to calculate the volume of CWD and stumps on fixed-area plots. If a whole tree is measured, each time the diameter decreases more than 10% after a defect, the tree is divided into logs that are measured using Huber's formula until the minimum diameter is reached.
Huber's formula: For snags, there are two possibilities for scaling volume. If the snags are not broken, as the NFI has data on living tree volumes and considering that the scaled volume is the same between dead trees and living trees (Bruciamacchie, 2005) , specific single-entry volume tables are calculated by species with an equation in the form of:
For snags broken at a certain height, DBH and the height of the broken point are measured, and a double-entry volume table is used to calculate the volume. De Vries' formula (De Vries, 1986 ) was used, estimating log volume in m 3 ha −1 . This formula requires only the length of the transect (L) and the log diameter (d) at the point of intersection.
V = volume per hectare of CWD, d = log diameter at the point of intersection of the transect perpendicular to the axis of the log, L = length of the transect.
RESULTS
Taking FAS as a basis, it is useful, for merely illustrative purposes, to see CWD volume at a minimum diameter of 7 cm. For the range of plots measured, the minimum volume calculated is 0.3 m 3 ha −1 and the maximum is 93.1 m 3 ha −1 for an average of 31.3 m 3 ha −1 with 73% CWD, 22% snags and 5% stumps (Tab. III). The plot with 0.3 m 3 ha −1 is a grazed oak stand with an extremely low tree density. The plot with the maximum volume has a lot of large wood maritime pine windthrows. These values should not be used as references but simply show that the sampling is performed under a range of conditions (Tabs. IV and V) and that CWD deadwood is the largest component of deadwood. They also vary depending on the method used.
The distribution by decay class shows that all the classes are represented, with the medium class being the majority, with 49%, followed by the absent and high classes, with 21% and 17%. The low and very high classes are very rare, with 10% and 4%, respectively.
Comparison of results using the various methods
Let us now look at the difference between FAS on the 9-mradius plot and the 100-m transect overlaid on the plot with the same 7 cm of minimum diameter for lying deadwood. Only 29 samples can be compared since the understorey on two plots was too dense to measure CWD on the fixed-area plot without spending an extensive amount of time. FAS gives a mean volume of 22.87 m 3 ha −1 while LIS gives 25.96 m 3 ha −1 . A non-parametric Wilcoxon's test for paired data was performed (samples are not normally distributed, the ShapiroWilk normality test gives a probability of p = 0.00022). The comparison of the mean value pairs shows they are not significantly different for each method (V = 220, p = 0.96).
Choosing thresholds
Minimum diameter
One approach involves comparing the number of deadwood pieces and the deadwood volume (Fig. 3) calculated by diameter class with the LIS method over 100 m. This shows that as the diameter of the lying deadwood increases, the number of deadwood pieces decreases much faster than CWD volume. One other result is that pieces measuring less than or equal to 6 cm represent 25% of deadwood volume.
CWD pieces were assessed, starting at 0.5 cm for part of the transect section; it is possible to put together a graph (Fig. 4) showing the loss of deadwood volume when the minimum diameter increases. This graph shows that a minimum diameter of 7 cm would neglect about 40% of deadwood volume. If this is increased to 20 cm, 78% of the deadwood will not be inventoried. Figures 3 and 4 show that the number of small diameter pieces is extremely high and represents a considerable part of the deadwood volume. Assessing small diameters is much more time-consuming, as was presented above.
Transect length
The precision of the results on a plot scale can be deduced from the intra-plot variability using the mean coefficient of variation (CV). With the sectioned transects, it is possible to Figure 3 . Distribution of the logarithmic number of CWD pieces (left axis) and CWD volume in cubic meters (right axis) by diameter class with the 100-m LIS method. As the diameter class increases the number of CWD pieces decreases much faster than the volume of deadwood.
randomly recreate transects having defined lengths by combining the sections. The sections of 3, 6 and 10 m were used to generate transect lengths from 3 m to 100 m with random sampling without replacement, which gave 2 16 − 1 = 65 535 possibilities per plot for a total of 2 031 585 generated transects. The CV is calculated for each length. The variance is not calculated using the finite population variance formula. Because of the resampling, this calculation could not be used since it does not compare entirely independent transect sections. Using Geary's Figure 4 . Cumulative loss of volume proportion of CWD when the minimum diameter increases using the 100-m LIS method. Increasing the minimum diameter to 7 cm would neglect 40% of CWD volume. If this is increased to 20 cm, 78% of the deadwood will not be inventoried.
index (Chessel and Thioulouse, 2003) makes it possible to compare totally independent transects two by two without repeated sections. This variance calculation has a drawback: the maximum length variance calculation is reduced from 100 to 50 m because the transect samples are compared by pairs. The variance is transformed into the CV.
Expression of the variance with Geary's index:
Variance:
where i and j are paired combinations, n is the number of pairs that can be generated, and Wi and W j, the weight of each element of a pair, are here considered equal to 1. (6) and the mean values for each length) when the transect length increases.
Number of plots at the national level
The distribution of the structure and composition per plot was reproduced to have an overall sample of the main French forest types, in order to be able to apply it at the national level. The results of the χ 2 distribution comparison test show that the samples statistically have the same distribution as France's structure and composition (Tab. IV).
Considering that CWD represents the most significant deadwood component in terms of volume in the forest (73%) and that our sampling, given its main structure type and composition, is statistically representative (Tab. IV) of what could be expected at the national level, changes in standard deviation can be simulated, depending on the plot number and the transect length. This was done using equation (7), where n is 31, σ is the corresponding calculated standard deviation for a defined transect length, and σ is the simulated standard deviation of a sample of n .
The French NFI plot grid is always systematic. For example, every year an average of 7 000 plots are assessed; if taking a measurement is too expensive, an inventory can be conducted on a still systematic sub-sample of 3 500, and so on for smaller sub-samples. The simulation of the volume standard deviation is calculated for seven levels of n' sub-samples and repeated for 24-, 40-and 100-m transect lengths (Fig. 6) . To obtain an accurate estimate at the national level, assessing a large amount of plots seems more necessary than having longer transects.
Assessing efficiency
The results in Table V are expressed on a comparable scale as far as possible. It took 5.7 min to inventory the stumps on a 9-m-radius plot, 8.6 min for snags for 6-, 9-and 15-m-radius plots, 17.9 min for CWD for a 9-m-radius plot and 8.6 min with a 36-m-long transect.
A great deal of time is required to measure stumps and CWD with the fixed-area plot because stumps and pieces can be hidden by the understorey and careful searching is necessary throughout the plot area. Dense understorey can require a large amount of time. We had two plots where we decided to cancel the CWD assessment with FAS because it would have taken much too long to clean up and prospect all over the plot.
Looking in detail at the CWD using the LIS method, measurement time can be separated into the installation of the transect and the measurement for a minimum diameter. Using our recordings, it is possible to calculate speeds for each step; the results are shown in Table VI . The installation is considered proportional to the transect length, with a speed of 7.2 s m −1 . For the measurement, the resulting speed is 40 s m −1 for 0.5 cm and 11 s m −1 for 4.5. Using these speeds, it is possible to calculate the time for every transect length. Decreasing the minimum diameter would require much more time. Table VI . Synthesis of the speed assessment in seconds per meter for CWD along a transect with 0.5 and 4.5 cm minimum diameters. The main impact on assessment speed is the minimum diameter.
Step Speed s m
Installation of the transect 7.2 Measurement from 0.5 cm 40 Measurement from 4.5 cm 11
DISCUSSION
The results in Table III show that in this sampling, CWD (73%) and snags (22%) were the main components of deadwood volume. Stumps represented only 5% of volume with 25% of assessment time. Interest in them seems to be limited in the literature, especially in the forest types available in France (Humphrey et al., 2004) . If stumps are inventoried, the size of the FAS should be reduced.
FAS is a good method for assessing snags. Currently, at the French NFI, snags (dead for less than 5 years) are assessed in the 15-m-radius plot. Since snags are rare and their measurement is separated from the dendrometric inventory, field crews often fail to measure some of them. Their volume is probably underestimated. Snags should be included in the dendrometric inventory where living trees are recorded, as tested in this study.
The main objective of the study was to compare two common CWD assessment methods: FAS and LIS. Mean volumes per hectare statistically had the same results. FAS was found to be much more time-consuming (Woldendorp et al., 2004) (Tab. V), especially when understorey was dense.
FAS has a higher tendency for non-detection than LIS (Kaiser, 1983) . While LIS is commonly used as an unbiased reference (Woldendorp et al., 2004) , one study showed that there is a slight bias of non-detection for LIS, especially when CWD density is high (Ringvall and Ståhl, 1999) . This study did not test this effect but when inventorying CWD, the field crew had the impression that the risk of omitting pieces was higher with FAS.
For Bruciamacchie (Bruciamacchie, 2005) , the best compromise for assessing CWD would be a mix of methodologies: FAS for CWD over 30 cm and LIS for 5-to 30-cm CWD. Various transect shapes have been tested in the literature such as polygons, triangles, fans, "Y"s and "L"s. In terms of accuracy, the superiority of one design over another is not clear (Affleck et al., 2005) . If pieces are randomly oriented, setting up a simple design is quicker to implement with similar results (Kaiser, 1983) . If pieces are positioned in one direction, the piece orientation bias can be reduced by running two or more transects out from the same plot (Van Wagner, 1968) .
For the French NFI, the current minimum diameter is 7.5 cm (for snags). Figure 3 showed that small-diameter CWD represent a large part of total CWD volume. Harmonization between inventories is easier if the minimum common diameter is low (Humphrey et al., 2004) . A minimum diameter approaching 0 should be used to assess all woody debris, as done by the USDA Forest services or the Canadian NFI, even if CWD as a potential indicator for saproxylic and epixylic species seems interesting in most French forest types from a minimum diameter of 20 cm (Humphrey et al., 2004) . As large CWD's role in biodiversity is well known, FWD plays an important role in biodiversity as well. For the same volume, FWD has a higher species richness compared with CWD. If looking specifically at fungi, FWD offers a larger surface area per volume, which means more space for fungi than larger CWD. In addition to that, FWD would present more separate units at equal volume than larger CWD, and represent more individual possible fungi infection (Heilmann-Clausen and Christensen, 2004; Kruys and Jonsson, 1999) . In managed forest where large CWD is rare (Brin et al., 2008) , FWD should not be neglected (Kruys and Jonsson, 1999) . However, tallying FWD is highly time-consuming. As applied in this test and as implemented by the USDA Forest Service or the Canadian NFI, FWD is tallied on a small section of the CWD transect. Otherwise it would be impractical for field crews to measure the diameters of hundreds of FWD on the whole transect. Figure 5 , presenting changes in the CV when transect lengths increase, shows that on the plot scale, the CV gradually declined until 50 m without stabilizing. Woldendorp (Woldendorp et al., 2004 ) has a greater CV reduction when transect lengths increase from 10 to 40 m than from 40 to 80 m. Unfortunately, when using Geary's index, it was not possible to simulate over 50 m to observe a beginning of stabilization. In general, the longer the transect, the smaller the error of the volume estimation (Bruciamacchie, 2005; De Vries, 1986; Marshall et al., 2000; Woldendorp et al., 2004) . The various NFIs that use LIS show that one standard transect length has not been adopted (Woodall and Williams, 2005) . Figure 6 shows that the effect of the increase in precision was higher with the increment in the plot number than the increment in the length. The French NFI can assess an average of 7 000 plots a year and can expect a standard error under 6 regardless of the length (24 to 100 m). The low precision on a plot scale is offset by the large number of plots assessed.
For LIS, this study proposes assessment time functions depending on the length of the transects in Table VI . Bölhl (Bölhl, 2007) gives a required assessment time between 5 and 6 min for two locations for a 30-m transect length and 7 cm as minimum diameter. For the same length and with 4.5 cm as minimum diameter, the function gave a time of 9.1 min. This showed that the function seemed comparable with a smaller minimum diameter. It can be used to estimate the expected time for a chosen length.
In addition to precision, there are biases related to the methodology that should be taken into account (Bölhl, 2007; Wadell, 2002) . The LIS formula (4) proposed to calculate CWD volume assumes that a piece at the point of intersection of the transect is always circular. To limit the effect of this imprecision, it is better to measure two orthogonal diameters and record the mean diameter. Another hypothesis is that all wood pieces lie horizontally on the ground. In fact, it is common to have pieces with tilt. The bias can be significant (Bölhl, 2007; Brown and Roussopoulos, 1974) . One way of reducing this bias is to measure the tilt of each piece, as practiced by the Swiss NFI (Bölhl, 2007).
CONCLUSION
In this study, practical tools are developed to give methodological guidelines in terms of accuracy and cost. Even if an inventory is always a compromise between the precision and the cost of the measurement, it seems that the French NFI should choose LIS for CWD and FAS for snags and stumps. LIS is quicker and more regular in the assessment time. It is easy to set up. It has few biases if the protocol has previously taken them into account. On the one hand, a low minimum diameter, a long transect and a large number of plots are required to have higher accuracy. But on the other hand, it greatly increases the cost of the assessment. A good compromise would be to have a moderately long transect (30 to 50 m) with one section for FWD and the other section only for CWD with higher diameters (7 cm). The transect design should be simple, using a "L" or a fan, for example, with a random orientation. The imprecision due to the moderately long transect would be offset by a large number of assessed plots (7 000).
This preliminary study will be used by the French NFI to develop an efficient deadwood inventory compatible with other countries and international processes.
This study focuses on volume per-unit-area. However, deadwood may also be expressed in terms of piece distribution, surface area, CWD cover, number of pieces, holes and hollow trees. These indicators are more specific on one role of deadwood or one group of species. Deadwood volume is an integrated indicator that can be enriched with such parameters deducted from raw data or supplementary measurements.
Deadwood is part of down woody materials such as litter, slash piles, duff, fuelbed, live/dead shrubs and live/dead herbs. The next step will be to develop inventories for all these components to have a complete overview of woody material. The USDA Forest Service already carries out inventories of down woody materials.
